The theory of landscape ecology applied to the methods of spatial analysis helps to understand changes in the structure of forest remnants. In view of this theory, the objective of the present study was to analyze the structure of a fragmented area between the years 1979 and 2015 through calculation of landscape metrics for arboreal, shrubby and herbaceous vegetation classes. Vegetation classes were classified with visits to the field, interpretation of aerial photographs from 1979 and supervised classification of Landsat 8 from 2015. The metrics calculated for each class were area and total number of fragments, total edge and average connectivity among the fragments. The analysis of structure found that it changed negatively due to an increase in the number of small fragments, which increased the intensity of edge effects and reduced connectivity between fragments for all classes.
INTRODUCTION
The landscape, whose heterogeneity is principally determined by the relationship between society and nature, can be considered a spatial unit in which its structure is a result of the complex interactions between man and the natural environment, featuring a structure fragmented by different uses (Goerl et al. 2011) . Within this context, the analysis of landscape structure is essential for understanding the impacts of anthropic alterations (Lang and Blaschke 2009).
There are two main approaches to landscape ecology: the geographical approach, which emphasizes the study of man's influence on the landscape and land management; and the ecological approach, which emphasizes the importance of spatial configuration on ecological processes and the importance of these interactions in terms of biological conservation (Metzger 2001) . Fragmentation is a common issue to both approaches and exerts a major influence on current and future landscape models (Gomide and Lingnau 2008), since it is responsible for many physical and ecological changes such as habitat loss and isolation. As forest landscapes become fragmented, 3354 NATÁLIA V. SALOMÃO et al. species populations become reduced, migration and dispersal patterns are modified and habitats become exposed to different external conditions (Nascimento and Laurance 2006) . According to Forman and Godron (1986) , landscape ecology considers the structure, function and alteration of ecosystems. Structure is related to the spatial interactions between distinct ecosystems, and involves analyzing the distribution of energy, materials and species in relation to the size, shape, quantity, type and configuration of ecosystem components. Function refers to the interaction among spatial elements, that is, the flow of energy, materials and species among the components of the ecosystem. Alteration is related to changes in the structure and function of the ecological mosaic, which creates modifications in space and time capable of producing heterogeneity that controls the movement and flow of organisms, matter and energy.
The constituent elements of the spatial structure of a landscape are distinguished as the matrix, corridors and patches (Forman 1995) . According to Burel and Baudry (2002) , a landscape pattern consists of a mosaic formed of patches connected by corridors forming a network, which maintains an edge at its limits that interacts with the matrix. The matrix is the dominant controlling element of the functioning and dynamics of a landscape with the patches representing the predominant location of the meeting of species, which are connected by corridors (Forman 1995) .
The quantification of landscape structure has been facilitated by global information systems (GISs), which provide spatial data processing and analysis (Ferraz and Vettorazzi 2003) . Until the 1980s, information on soil occupation was based more on the method of visual interpretation, in particular for the execution of large-area mapping projects (Skole and Tucker 1993) . Currently, supervised digital classification of images is the most widely used method for quantitative analysis of data and is based on the use of algorithms to determine the pixels that represent values for a certain class and requires previous knowledge of the number of classes of use and ground cover contained in an image (Rudorff et al. 2007 ).
Area and edge effects are the most important factors influencing fragmented communities (Zuidema et al. 1996) . Area effects are related to environmental changes that occur due to fragment isolation and are proportional to the area of the fragment (Nascimento and Laurance 2006) . Edge effects, on the other hand, are caused by different gradients of physical and biotic changes near the border of forests and, therefore, are proportional to the distance between fragments (Zuidema et al. 1996) .
Within the context of landscape ecology, the objective of this work was to quantify and analyze changes in the spatial structure of the landscape during the periods of 1979 and 2015, for a fragmented landscape in the municipality of Conceição do Mato Dentro, in the state of Minas Gerais, Brazil, in relation to the number and size of the area of the fragments, total edge and mean of the connectivity between fragments. For this purpose, cartographic material, satellite images and class metrics were used as a basis in Fragstats 4.2, since the study was analyzed through vegetation classes. Considering the above, the hypothesis tested by this work was that fragmentation of the area has significantly altered the spatial structure of the landscape, and so the following specific question was addressed: What are the possible effects on the landscape due to the alteration in the landscape structure?
MATERIALS AND METHODS

DESCRIPTION OF THE STUDY AREA
The study was conducted within the municipality of Conceição do Mato Dentro in the state of Minas Gerais, Brazil. According to the classification of PROCESSING AND CLASSIFICATION OF THE IMAGES Mosaic of aerial photographs (fl ight 12 July 1979 to 27 October 1979 A mosaic was created from a combination of aerial photographs taken in the year 1979 using the tool "mosaiking" of the software Envi 4.5. Seventeen aerial photographs provided by the Instituto de Geociências Casa da Glória (IGC) were georeferenced in ArcGis 10.3.
Visual interpretation of the mosaic
The visual interpretation of the mosaic (Fig. 1) was based on the identifi cation key for forest fragments proposed by Panizza and Fonseca (2011) . The forest fragments were classifi ed according to the parameters of intensity of color (tone), saturation, texture and shape defi ned in the mosaic clippings. The visual interpretation of the mosaic resulted in the recognition of three vegetation types: woody Köppen (1900) , the climate of the region is tropical of altitude, which is characterized by altitudes above 500 m, mild temperatures between 18ºC and 26ºC and annual temperature amplitude between 7ºC and 9ºC. The altitude of the area varies from 679 to 1472 meters and the landscape comprises a transition area between two Brazilian domains: The Cerrado, one of the richest Savannas in the world (Assunção and Felfi li 2004), which is comprised of shrubby and herbaceous vegetation, and the Atlantic Forest, with is comprised of woody (tree) vegetation.
The classification was performed after processing aerial photographs from 1979 and Landsat 8 satellite image from 2015. The metrics were calculated using the free software Fragstats 4.2. This program allows the calculation of metrics for spatial description of the landscape and therefore is unique in the fi eld of landscape ecology as it is able to provide numerous metrics in a single package (Moraes et al. 2015) . (tree) vegetation ( Fig. 2a ); shrubby vegetation ( Fig.  2b ) and herbaceous vegetation ( Fig. 2c ).
Processing the image from Landsat 8, 2015
For the analysis of the use and occupation of the land of the study area, an image from the Landsat 8 satellite taken on 18 July, 2015 was used. The image was rectified through the polynomial model of geometric correction (registration). In this model, polynomial functions are determined using correction control points, regardless of where the distortions are determined, and modeled independently (Silva et al. 2009 ). For a spatial reference, the geocover of the state of Minas Gerais in 2010 was used to register the image. This process was performed using the collection of corresponding control points between the two images, which was done with tool "registration" in the software Envi 4.5.
Supervised classification of Landsat 8
Supervised classification for making a map of use and occupation of the land (Fig. 3 ) was developed with prior knowledge of the sample points obtained during fieldwork in July 2015. The thematic classes established as a result of this visit were: arboreal vegetation comprised of native vegetation of higher areas of Atlantic Forest; shrub vegetation comprised of native and non-native vegetation of the Cerrado; herbaceous vegetation cover of native and exotic plants; and exposed soil represented by the absence of vegetation.
Finally, the accuracy of the data obtained in the supervised classification was measured and assessed. The points collected in the field were entered and analyzed within the accuracy indices of "global accuracy" and "Kappa" as described by Bolfe et al. (2004) . These indices were calculated in the software Envi 4.5 from the confusion matrix generated by the option "post classification" for comparing the regions of interest classified on the image with the classification observed in the field. The result generated an overall accuracy 93% and a Kappa value of 86%, meaning the classification was satisfactory.
CALCULATION OF LANDSCAPE METRICS
After the visual interpretation of the mosaic and the supervised classification of the Landsat 8 satellite image, we calculated class metrics using the software Fragstats 4.2.
The following metrics were analyzed for the vegetation classes: fragment metrics (size and number of fragments); edge metrics (total edges); and nearest neighbor metrics (average connectivity between fragments). All metrics resulted in natural numbers, however, certain calculations are more complex and resulted in perimeters being defi ned in meters and areas defi ned in hectares (Moraes et al. 2015) .
The size of forest fragments was classified as small for fragments with areas less than 50 hectares and large for fragments with areas above 50 hectares (Pirovani et al. 2014) . For the edge metric, associated with the intensity of the edge eff ect, classes that had the largest total distance of edges (TE) were also considered to have a greater intensity of edge eff ect (Cabacinha et al. 1979 Considering the fragmentation of the vegetation classes, there was a reduction in arboreal (woody, tree) vegetation in 70 fragments (Table I) . On the other hand, there was a significant increase in shrubby vegetation in 986 fragments, while herbaceous vegetation showed little variation, with an increase in 149 fragments (Table I) .
2010). The classes with lower isolation values had higher average connectivity between fragments (Cabacinha et al. 2010).
RESULTS
LANDSCAPE STRUCTURE BETWEEN THE YEARS
A signifi cant increase in total edges for all of the vegetation classes was observed between the years 1979 and 2015. The arboreal vegetation had the greatest intensity of edge eff ect with an increase of 778.046 meters of edges, followed by shrubby vegetation with an increase of 138.232 meters and herbaceous vegetation with the lowest increase with 10.818 meters of edge (Table I) .
A reduction in the average connectivity for all classes was observed as shown by the increased insulation index. Whereas arboreal and herbaceous classes had a significant increase in isolation rates, to 0.2701 and 0.2521, respectively, shrubby vegetation increased to only 0.0207 (Table I) .
According to fragment area, in 1979 all fragments (100%; n= 798) were less than 50 An Acad Bras Cienc (2018) 90 (4)
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NATÁLIA V. SALOMÃO et al. hectares, while in the year 2015, 99.57% (n= 1855) were less than a 50 hectares (Table II) .
DISCUSSION
Among the classes of vegetation evaluated, a class shrubby vegetation of the Cerrado exhibited a significant increase in the number of fragments (Table I ). The increased fragmentation of the Cerrado is likely due to the influence of agriculture and livestock and the exotic herbaceous invasion such as Brachiaria decumbens, which has been observed in the field. Until recently, livestock in the region of the Cerrado has relied extensively on native vegetation, which is low in productivity. In recent years, however, species of African grasses, mainly Brachiaria decumbens, have been intentionally introduced to provide increased productivity (Durigan et al. 1998) . Invasive African grasses are the greatest agents causers of fragmentation in the shrub and herbaceous classes (Cerrado) due to the fire cycle (Klink and Machado 2005) and their extreme aggressiveness in invading areas of this biome (Barbosa et al. 2008) . For the formation of pastures, areas of Cerrado are cleared, burned and then planted with African grasses (Klink and Machado 2005) . Although the Cerrado is a fire adapted ecosystem, the use of fire to open virgin areas and to stimulate regrowth of pastures is extremely detrimental to the structure of the area as frequent fires adversely affect the establishment of trees and shrubs (Hoffmann and Moreira 2002) .
With respect to the edge metric, the size and shape of fragments are intrinsically associated with the edge and influence the level of impact caused by the edge effect. The shape, associated with the size, is responsible for the configuration of the landscape and its relationship with the edge effect, which alters the biotic and abiotic conditions of fragments and the species occurring therein (Vidolin et al. 2011) . Although smaller fragments have more regular shapes, they are more susceptible to edge effects, since smaller fragments have smaller interior-edge ratios and thus experience a more intense edge effect in the structuring the landscape (Juvanhol et al. 2011) .
Due to the large number of small fragments (Table II ) and the high amount of total edge (Table  I) , arboreal class (woody) vegetation experienced a more intense edge effect, while herbaceous class, due to the lower number of small fragments (Table  II) and lower total edge (Table I) , experienced a less intense edge effect (Vidolin et al. 2011) from 1979 to 2015. Although more fragmented, the shrubby class had only 30% of its total area distributed in small fragments (Table II) , indicating a less intense edge effect than for arboreal class.
Although the herbaceous class exhibited a lower intensity of edge effect, as observed in Table II , the structure of this community can be severely affected since the edge effect in the herbaceous class can increase the number of exotic and invasive herbaceous species (Scariot 2000) . Herbaceous plants are physiologically tolerant to new environmental conditions and are comprised of mostly species common to sunny environments, and so tend to increase in density in border areas due to the high incidence of light to the understory (Carvalho and Pires 2008) . The accumulation of herbaceous species on the borders can lead to a reduction in the number of tree and shrub species due to changes in the processes of seed germination and seedling establishment (Scariot 2000) .
Analyzing the vegetation structure of cerrado fragments, Carmo et al. (2011) , found that disturbance caused by exotic grass cover and the occurrence of livestock affect the structure of the plant community and lead to fragmentation of the area, thereby increasing the edge effect and, consequently, causing the loss of native species. Thus, for both works an increase in the mortality of native species near the edge, as well as a simultaneous increase in exotic and climate-tolerant species, were expected in the altered environment (Muller et al. 2009 ). It can be seen from these studies that edges of fragments represent an area for the development of species of exotic grasses that successfully inhabit the ecotonal environment.
Ribeiro (2008) also found alterations to the structure of plant communities due to an increased edge effect in fragmented areas of cerrado. Their results showed a clear influence of the edge effect since the vegetation structure and the level of aggregation of the analyzed individuals were different between the interiors and edges of the analyzed fragments.
The average connectivity with the nearest neighbor expressed by the degree of isolation of the fragments interferes significantly with landscape structure as it affects gene flow between forest fragments (Viana and Pinheiro 1998) . The reduction in average connectivity between the fragments for the arboreal and herbaceous classes was due to the increase in number of small fragments in both classes (Table II) . The connectivity between fragments in the shrub class remained almost the same between the years 1979 and 2015 as most of its total area was distributed in large fragments (Table II) . According to Juvanhol et al. (2011) , smaller fragments can have lower connectivity among themselves since they have a higher degree of isolation, while larger fragments have great connectivity as a result of their lower degree of isolation.
In an analysis of fragments of different conditions of connectivity, Pivello et al. (2006) showed that the connectivity between large and small fragments interferes with community structure. According to the results, there was a contrast between the effects of landscape connectivity and vegetation structure since the reduction of connectivity between the studied fragments caused changes in the spatial configuration of the landscape and the habitat and dispersion syndrome of the species. When considered together, the landscape metrics of the present study permitted the description of landscape structure and the evaluation of the area from the point of view of preservation and conservation of classes of vegetation. According to the landscape metrics calculated herein, it was clear that the landscape structure was negatively affected due to an increased fragmentation from 1979 to 2015.
According to the presented results, one can conclude that the landscape metrics, when analyzed together, enabled the characterization of the landscape structure and the evaluation of the area, from the point of view of the preservation and conservation of the vegetation classes. According to the calculated landscape metrics, due to the increase in the number of small fragments of the area, the intensity of the edge effect was greater, and the reduction of the connectivity between the fragments indicates the need to create public policies that encourage the formation of ecological corridors in the area.
